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40
One of the main interests of the bakery industry is to improve bread output during the 41 bread making process (obtaining a greater quantity of bread from the same quantity of flour). 42
Such an increase in production would enable manufacturers to maximize benefits or to reduce 43 the retail price and be more competitive. One way to achieve this objective is to increase the 44 amount of water included into the formula, but avoiding any modification of bread quality and 45 preventing water loss during baking. Doughs with excess water are difficult to handle; it thus 46 becomes necessary to modify the recipe or processing conditions. Increasing the water 47 absorption capacity of doughs is the easiest way to obtain high-water content and high-yield 48 breads (Puhr and D'Appolonia, 1992) . 49
The water absorption capacity of dough depends mainly on the flour composition, and 50 increases with increasing protein, pentosan and damaged starch content. The association 51 between the quantity of damaged starch and the water absorption capacity of flour has been 52 established (Dexter et al., 1994) . Studies have been also performed with pregelatinized starches, 53 which show a similar behaviour to damaged starch because the starch granules break down 54 during this process. Based on these findings, Miller et al. (2008) investigated the possibility of 55 increasing bread output through the addition of certain pregelatinized (hydroxypropylated and 56 cross-linked) wheat starches, with good results. The addition of heat-moisture treated maize 57 starch has been also studied, although in this case the breads obtained were of low quality 58 (Miyazaki and Morita, 2005) . Another possible way to increase output during bread-making 59
consists of the addition of hydrocolloids, due to their high water absorption capacity; however, 60 hydrocolloids produce major alterations in other characteristics of breads and doughs (Rosell et 61 al., 2001 Water absorption and the mixing behaviour of flours were studied using the doughLAB 112 equipment (Perten Instruments Australia, Macquarie Park, Australia). Dough was developed in 113 the mixing bowl at 30ºC, by the rotary action of two sigma-arm mixing blades at 63rpm and its 114 resistance to kneading was obtained as a torque value. Data obtained from the doughLAB were 115 analyzed using doughMAP software (Perten Instruments Australia, Macquarie Park, Australia). 116
The following mixing-profile values were measured: 1) absorption, defined as the amount of 117 water required to reach a flour consistency of 500FU with 14% moisture; 2) development time, 118 defined as the time to reach peak resistance; and 3) stability, defined as the difference between 119 the time required to reach peak resistance and the time required to fall below peak resistance. 120
The analyses were performed in duplicate. Villeneuve La Garenne, France). The characteristics recorded were maximum over-pressure (P) 126 needed to blow the dough bubble (an indicator of dough tenacity or resistance to extension), the 127 average abscissa (L) at bubble rupture (an indicator of dough extensibility), the deformation 128 energy (W) (an indicator of dough strength), and the curve configuration ratio or balance (P/L). 129 7 A second alveogram was performed by adding a quantity of water equal to the absorption 130 capacity obtained on DoughLab analysis. The two alveograms were performed in duplicate. 131
The rheofermentometer test (Chopin, Tripette and Renaud, Villeneuve La Garenne, 132
France) was used to study dough height according to fermentation time and gas release 133 following the method described by Czuchajowska and Pomeranz (1993) . 134 135
Bread making. 136
A straight dough method was used for bread preparation. The following ingredients 137 (g/100g flour basis) were used: water (calculated to obtain a doughLab absorption value of 138 500FU), instant dry yeast (1g/100g), ascorbic acid (0.01g/100g) and salt (1.8g/100g). Water 139 temperature was calculated to achieve a dough temperature of 23ºC. Wheat flour was replaced 140 with extruded wheat flours to a proportion of 5g per 100g flour. Control bread with no extruded 141 flour was also prepared. After mixing all the ingredients for 15 minutes using a double-arm 142 kneader AB-20 (Salva, Lezo, Spain), the bread dough was divided into 300g portions, hand-143 rounded, mechanically moulded, and proofed for 90 min at 30ºC and 75% RH. The breads were 144 baked in an electric oven for 30 min at 200ºC. After baking, the loaves were left to cool for 20 145 minutes, and then weighed. They were then placed in polyethylene bags and stored at 20ºC until 146 analysis. All the elaborations were made twice. 147 In the analysis of flour behaviour during mixing (Table 1) , dough water absorption 191 capacity was found to increase after the addition of extruded flour, and this increase was greater 192 the more intense the extrusion intensity, reaching an increase compared to the control value up 193 to 7% in doughs prepared with flour that had undergone the most intense treatment (flour E). 194
This finding is explained by the greater damage to the starch granules and greater starch 195 gelatinization as the extrusion conditions (temperature and water content) increase (Mercier and 196 Feillet, 1975 ). There were no significant differences in dough development time in any case; 197 however, dough stability tended to decrease with increasing extrusion intensity, although 198 significant differences were only observed between the control dough and the doughs prepared measuring dough strength, which has been correlated with bread volume (Janssen et al., 1996) . 207
The results of the alveographic assay of doughs made with extruded flours are shown in Table 1 . 208
It may be seen that the addition of extruded flours decreases dough extensibility in all cases, and 209 that there was an increase in dough tenacity, though this was only significant after the most 210 intense extrusion treatments. The two effects offset each other on the area of the alveographic 211 curve, meaning that no significant differences were observed in the overall strength values. during the extrusion process leads to an increase in dough consistency due to the increase in the 219 quantity of damaged starch and its higher water absorption capacity (Preston et al., 1987) , as had 220 11 already been observed in the DoughLab analysis. In fact, when dough water content was 221 modified on the basis of the DoughLab analysis, unifying dough consistency, a significant effect 222 on dough tenacity was only observed with the dough prepared with flour E, which had the 223 highest extrusion temperature and thus the most extensive modification of the gluten matrix. The 224 decrease in dough extensibility was much lower than that observed with doughs with constant 225 water content, and it was only significant for flours B and D. In this analysis we observed that 226 the decrease in dough strength became more noticeable with increasing intensity of the extrusion 227 treatment, as the decrease in the length of the curve (extensibility) was not compensated by the 228 increase in the height of the curve (tenacity). The increase in the P/L balance therefore also 229 occurs when extruded flours are added, except in the case of flour E as a result of the decrease in 230 tenacity. 231 Figure 2 shows the curves obtained by the rheofermentometer. It may be seen that the 232 addition of extruded flours increases gas production (Figure 2a ) during fermentation. This 233 increase is more noticeable when using flours that have undergone a milder extrusion treatment, 234 and leads to an increase in dough expansion. The doughs did not fall during the assay, except 235 doughs prepared with flour E, which developed a small break at 2 hours (Figure 2b ). The 236 increase in gas production may be related to the higher proportion of damaged starch, which is 237 more accessible to enzymatic hydrolysis and to the generation of sugars (Potus et al., 1994) . It is 238 noticeable that the flours with the most intense treatments reduced gas production compared to 239 those with the mildest treatments, though it should be taken into account that high-temperature 240 treatments also reduce enzyme activity and hence decrease starch hydrolysis. The lower 241 resistance to excess fermentation observed in flour E may be related to the effect of the 242 treatment on gluten quality due to protein denaturation, as it is known that gluten proteins affect12 gas retention (Gan et al., 1995) . This finding coincides with what was observed on the 244 alveograph curves. Furthermore, photomicrographs of the doughs (Figure 3) showed that whilst 245 the control dough (3a) shows a close structure with large starch granules within a compact mass 246 of small starch granules united by a protein matrix, the doughs prepared with flour E (3b) show 247 an open and less compact structure, with a smaller number of starch granules, as the granules 248 lose their structure during the extrusion process. 249 250
Bread properties 251
With regard to the bread characteristics, the quantity of extruded wheat flour added did 252 not lead to significant differences in volume, specific volume or height/width ratio (Table 2) Finally, bread colour showed no clear trends (Table 3) . With regard to crumb colour, 268 only the bread prepared with flour E showed a lower b* value compared to control bread, 269 whereas no significant differences were observed in the other breads or other parameters. In 270 general, crumb colour is related to the flour colour, as the temperatures in the interior of the 271 piece do not reach 100ºC. In contrast, this temperature is greatly exceeded in the crust and crust 272 colour is therefore the result of a Maillard reaction and sugar caramelization due to the presence 273 of reducing sugars and amino acids. Analysis of crust colour revealed that the crust of bread 274 prepared with flour A was paler than the others, and that of bread prepared with flour E was 275 significantly redder or more yellowish, probably due to the higher quantity of sugars and 
